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The strengthening effect of gallium arsenide by indium
additions is under examination. Interpretation of high
temperature hardness results of In-free and In-containing GaAs
suggests that the intermediate temperature hardening of these
materials may be sufficient to reduce dislocation densities by
two orders of magnitude during growth. The second quarterly
report describes the most recent mechanical tests and electron
microscopy in this study to better understand the solid-solution

strengthening in these systems.

(1) Progress
Compression tests on LEC grown semi-insulating undoped and

In-doped GaAs single crystals have been completed in the [123]

orientation in the temperature range 700 to 1100°C. The [123)]

orientation allows deformation via a single slip system. The
In-doped materials had an In concentration of 2x1029 cm™3,
For both materials, the linear region of the stress-strain
curve results in a lower-than-anticipated elastic modulus,
indicating the occurrence of micro-creep. The slope is
significantly smaller for undoped materials, suggesting a
higher creep resistance for In-doped materials.

Both undoped and In-doped materials showed the presence of
an easy glide region in this single slip orientation. However,
the critical resolved shear stress (CRSS) for the In-doped
material was nearly twice that of the undoped material. This
observed increase in the resistance to glide is sufficient to
eliminate dislocations in the growth of large diameter

crystals. Values of the CRSS are weakly temperature
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dependent, consistent with the solid solution strengthening

M)

3; model proposed.

" In Stage III of the deformation, higher stress values for

£~ the onset of dynamic recovery show that dislocation climb is

Eﬁ slowed by the Indium doping.

L Transmission electron microscopy studies of deformed In-

§¢ doped and undoped [100] GaAs are complete. Specimens deformed at

k: 900 and 1100°C show complex defect structures due to multiple
slip. Perfect as well as partial dislocations forming dislocation

;f networks have been observed. However, dislocation loops,

i prevalent in specimens deformed at 700°C, were rare in the 1100°C

E samples. A detailed analysis of the dislocation structures and

E?' their interaction mechanism is in progress. An estimate of the

?, stacking fault energy will be performed on these specimens by

P measuring the width of the partial dislocations in the deformed

é specimens. Furthermore, TEM studies of deformed materials in the

2: single slip orientation, ([123), will be performed.

:l (2) Special equipment purchased or constructed

ll None.

W

g (3) Changes in key personnel

:: None.

b

f (4) Substantive information derived from meetings

;:: Materials for study are continuing to be supplied by Dr.

N

Noel Thomas of Westinghouse R&D Center. Discussions with Dr.
Thomas' group take place on a bimonthly basis.

Undoped GaAs grown by the Bridgman technique has been

(EAAMOA AN B v v 0 A > e, ¢ Nt < b Ny Lo (LAY NN




:: ordered from Crystal Specialties, Inc. for comparative studies.
: In addition, Dr. Arati Prabhakar from DARPA has requested high

. purity Bridgman crystals from Bell Laboratories for our studies.

" (5) Problems of concern

None.
8
L
? (6) Fiscal Status
L)
f (a) Amount currently provided for contract: $289,268.00

(b) Expenditures and commitments to 12/31/86: $165,387.28
K March financial statement attached.

t (c) Amount needed to complete work: $123,880.72
: (d) Estimated date of completion: 8/31/87
C]

.",

]

y

"

™

K,

2

S

> e -

R R R T N LS G R A AL L SR '(-"(' ’~r'-'-r Y
Rl Rl ool o R g2 R Ra Bal (R '

¢




hesnadh ol i d

91°506%26
09°49614982
96°0%1°%99

§2°511%1
-22°2s
-S0°0Lt

09*9sL*1t

00°000%y
-92°€68°S
~-08°01¢

%0°156°¢€S

(TR TR 29
91°%0¢€¢ 1
92°6€142¢
»8°2¢0°%2

IINVYIVE
034 3TRNININO

LL6&Y92

1J33F0Yd ¥3IASWYH

eI
17 af0ud

peeadl

9¢°Sl6%0¢
€E*H1E %o

€2°199412

00°098

0%°€ocel

€8°21%%1

16°948%1
92°% 6%
00°0€S%¢€1
09°2€5%¢

SiNInl INN0)

82 L0€ *591
10°S16 1LY
12°21%% 17

sL*929°%2
22°Lt64l
$0°s8L

0%° 99649

99°60S°S
('] Ad A 34

€1°0c0°%¢ce

s2°¢€i€te
¥6°290°¢
yL°912%¢9
95162421

3i1vy 01
SN ION3d

6210-J)-50-02%%4
S3¥ 132S 740 dv

18/1¢/%
31v0 ON3

69%685%217 00°092°692
21001 4¢ 00°%06°58
16°010°% 00°v62°¢€02
00°000¢>
00°$90 ¢ ¢
b4 X4 00°S 1S
16°18% 00°SesS e 1
00°000°>
os*1a¢ 00°000°1
Zi°ySet 00°6e€*991
06°8L9 00°101 *%2
28°90y 00°209°*>
00°0ts’y 00°2%s%001
ov®estte 00090412
HAINON SIMH}
X3 SIWNLIONIAX)I 1320MR

40 *T1¢ wWvw ONIONI HIMOM w04

se/10/¢6 AUYNNNS TWWIINYANTY4 1D3M0ue
31v0 Ju¥vLS NOLIYONNGC4 HOWV3ISIN ALISUIAINN
Lol o A iy - W w - ,.vJ,.l . L
.uﬁ.u.u._..in. S 2o ...nmr C O, Y L e s

VLIS OING Iy

IR

. VISSUINSK 3IVINTINIY 3
NINGY rOWd V2o IvES9l 1NNy 900090
0o* V0°EY %% 9
AQnow 31vu 01 ON3ax3 3ive w1 0311NVEYNY on v
uIdI340 A0 S31YN 151 uN) NSu + BIINUAS UNIYYHS 1SUD NSO 14003V

$1S0) 1v0deNS WOSNOES 1WVLI01
S1S07 123viom]}
S4SUD 123810 W0,

J1AS3INOO - VYIAvw,
ISVHINNG INSHEINS]
$4S07 1D23w10 ¥WIMIO

S31ldeNS OGNV STIViwiive
S1IvVEiNOIeONS

$371A83% 03ISYMIUNG
SiNlveIn *Nudiv *SiwDedV

S1S0D TINKOSw I¢ TWVLIDY

IniL AwviON - SIMNIVSY
Inls 3ISYININ - SNV
Il AWVIOW - S37vA ONV S ITuvivs
WL ISVIVIIN - SIDWA Ohv SITuvIVS

00000090008 00s SIS0) 1¥NEINS WUSNNGS seesssess

Hiuln ¢ NMOP
LELLENNEERI TR RLTEA] [ 24
(SHENVOLIS3ANT Tvel Wiwd 14







